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S^llcli Actt titt ft ^t^uc^iijPiSi'M 

#f Jlliiiiiiiiiiiii Ali^y lnj|0l|i 



^tUMWlJM AXLdY INGO^rS intended 
(OT ^iib&tqmm rolling, ex iTudingi Or forging 
ari? considsrcd iia this af li^ie Ijigots irstendad 
for remeSfin^ and shapt^^ castmgs produ^c^ 
iiv f oiiiEiddeB are not dLscusBed< alibough theif 
s<5lidj%ation ^tmcEures ate .sjjtialsT' to ih«ns« of 
m^qts tot workio^. 



A vafKej)^ of $uch ^imctur^s m Sim6, perma- 
s^eftt moid, i^^>?^sim«5iV. %n6 die tasi^ngs are 
showsi m Fig. 103 to 179 iyi Bt^iclt "AIu- 
ffiin^irsi Ailoys' irV thi^. V'^^^ame, Defidrllcs in 
aiuiTiin^m alifv^ weM^^ mid brszeii joinis are 

The first systeiysatie attempt ?o rd^^te de:n- 

number ot aluinmutrt aUoys wa^ T<£pcttsd 
1^50 (Eef V). it was esiabjfshed thai ibe ^^p^jc- 
3Ciig bet'^een adjacetit arms •dendhies dc- 
Cieas;!^s .-s-s sotidificatioi^ Jim's? diix'^eases. S^ub- 
scquetu ;r3ve5iJ4;aUofjs have toniirji^ed ilii^ 
mmh {Ref 2), dalH froni a s^^lecuon of ptsb- 
tUhed papers are shown m Fig. 1 The eela- 



>pj5diig is iiiost iniponaiit in ingots of heal- 
trtHidhlQ aliens ^jnd IS mgptij thai ar?? casi 
close TO finjil pan sizff sha^>e arid thiii:. 



By Ooujgbs A. Granger 
A}urr-irrt.'m C^rnpony of A*rse*'icq 

tabnship be^we^sn dend^it^ ^irrr: spacirxg. mxi 
so3iditica3iGn liine as gsvei): fey the e^m-atiwj: 

wHi^r-e clmdnte arm spacing (dy t<i in rmcfon*^ 
a?5d sojidificafiort tiiite t^) in seconds Con- 

eqii^uons of this xbrra h<ave been sh^wji to fit 
^misive d:3ta from tb^ alMmiBiJif^-cop- 
per systetn. 

Tile mtiUs5ii::t of <;ommi U Gram st^e is an tmp'iis^ljkrii, ^cadlS:^ ob- 

defined. In geeieral, up w eixt^ik composi- ^^rvcd imt^m oi aiymJuum allcfy irsgots. A 

iion^. the ^W^r of ipetfi?ai5in^ soiute con cent lini^brrr;. fine grah> $i2e is scughi iit mo&i in-r 

coxmam frs^zlrig rale to d<ic^^ stajices Jo obiam opumam properties: in ihc 

drae i8itm>pBCvn«: (Fig, 2) The TelB^iioTij^up ^rovig^v pr<>d\icn, G^-aia ce1\n^etn also m- 

beiwcer^ solute toi^ierst dmdnSe arm cr«assA resistance to hot cracking diJiijiig cast' 

xpacung has hem well dtx:xi:mffJiCc;d.. ai&<) for lUg, 

?itce? as^d for copper ill lo)'s, as descrsbed in The columnar grain ^v5x^Jc^^Jr^ ^liwn tn 

Ste^^i'' and **'Sohdificai:on Sinj cii. ire5; c>f Cop- thai ha^ solidiitcd ixi a s-teep tempserature gia- 

per Alloy In^ot^'^ iiv thi:> V'oluras^- di^AJ wiib liuie tiifh^ki^ce sxi d^e i^neit co e/^ 

Fins aftd coaise dcyid^vBc s-^;rm:toes^ feci graL¥> jetin^menl by det3K;hmtni of de^- 

alumiri!>m i^lioy mgois are iUustrated in di^te arsris. lit ibe pr^sert-ce ^:if lurbiikrfeJi 

Fig. 3 aad 4, re^p^ctivejv- Fine de^idnte iirm d3jr<fcle<! nseial Oi>w, the smic(ure of siuc33 

spacing i;st{:3My asso^iau^d with: ^.-wnifoTO id lay would consist of co2uiiuii-ar aad; 'squj*- 
distiib^jtion uf siTitiH caasutuent pan^ aiJd—jiXiSd grains., a^ i]iif.s:ry [ed iji Fig 6. 

^en-sjaljY is prcfeired l^oVi^ever, l^ne 5pat.:i3-ig| Orms^ ^e^^nirbg. The addii.ion of a pmri 

b not iilwiivs ^ximpatible with ihe des?red reJiAST: r^esulted m 'be nearly equiaxed sttuc- 





FtCS 3 Direcf^cKSiS feiwMnti«*oos Oil^y 30C'«^ «rN§*rf„ S^iiOli^jccrfwn hfiiv &f M ^«r<ie rig, 3, Jhof s<rff«ifiea:*i©ri v»«5 oppw-e^jsimpitj&ty 10 £, which 




ef 1j«5 m«itd Ticker's f*<*^nl I '/s X 



<:ciit without u jjioin rffffrjcf; fow^^f s-lab fpsy, ?}y with a 
gman rsfir**?. Ttucisei'-* leagfeirvl'- Actuol s*^* 




:»rr»fcii«re, was ccwt wJtft G:^f>»irf Twdker's r^ag/sni. A^^ijsl s'ifr 



lure shown ir: Fig. 7. Tht gr^^sn -rcrirj)iif^ in- 

dustj v are rfjajii-er alloys cor^Lia^r-inj; tEiarijum 

mon pfdcucf^ to add grajn-refinifig. iniisler al- 
kvv la the for.r. oi" a ^ r5-3i:im (!>..^8-ki.j djaft) 
rod cGfitii^uou.^K' lo the gjiolterj meial as ti 
tlow^ trom l!\<^ holdmg tiimdce. r» the cas-tin^ 
urirv. Gram-retlnirig addiuoiss are iised it? ob- 
tain a fij^je. unti/orn-^ gnsj.ri ^jrsjctiJJfc^ j-snJ tt> re- 
dact: she format o/ cei^lcr cy;acks. The 
CQaviie, fioU'J.attonYi >trucuue. <?b tamed ir: al- 
ioy ^063, which v.'3s tasi without a £r;aiT2 re- 
ft fier addt^ti ici iht nteic. s.s slKT^Vrtrt in Fjg. 8, 
The drtimaliic re-chictior^. in ^raui and jm- 
pt'^vcrncrsi i?i slriictinx- ijr.ifonriity ols <i rc;su{> 
of aiding ;3 graiifi rcfjner i?, ,'Showri in Fig. 9. 

'Il^e conflict Chdi m^ry e^cist hel^'ecti obljisft™ 
iiig A fine dei'idrujc structure jijid a uasforrn. 
^rn^jJ^ g/Asn size IHwstraied in P;^^ 10 arid 

h3bit?i tmc demdntc jip^cirsg biit v»idc, coltixr:- 

•^o^Tt^izT d^r>drilic Unicmtt '^'^ih much 

M, which sihows a setriiqn froifi an ingol ciSt 

Grain sac fuay be cogitrolltrd by 5i3Ch 
methods as vibratiof^, siimjig, ajid coniioJ of 
metal How, which g>rov!de TUieki &y detach- 
ment of deadxiie arms. A succesi>^'uj appHca- 
tao)T< c?f ?{i£ latter iiie|hc>d ha^ beerj g^eptn ted in 
Ref 8. The fuHy coliimnar struciur« produccci 
TAvheri th^r imeta^f fed as 5c>c£jied av the cet^lcr of 
the ixioJd cavU}' is ilfetraied Fig. 12. Whan 
The stream is <^jinecTed across the ^?iidjfyif3g 
shell of the casting, the l^r^cW ecfL.iiax'ed 
structure ^howrs in Fig. ;3 is obt^ij^^^dj 

Oystsst*]. Ali^mmtm alloy ingots cast wit^ 
out a gjfisiju rdiiier oft^n exhibit 3 fasi-sh^pt^^^ 
croJuraxiar .stiuctufe, referred to 3s-& '^fsather 
crystals." T3iis s£mcturc. fliiistraied in Fig. '^^ 
(Mte ^i]&o Fjg. 8), may he found in Icsw- 
iuiJi'^lute ailoys. i f is mo5t 3ikdy lo d&^c^^^ 
When there is 3^ steep thermaS gradksit 
Oi the SQlidif^riiig interfaicc (Ref S) or &xi mm^ 
equate ad dtdcm of grairx i^fiiD (B-«f 
higher raagsxdicaBion, the feather ct^i^J^^^,^^^' 
orts^Hiiffccd cpisiirysatr grains {F^^^ ^^)- 




Fig* 11 



Sisme- CSS J C, "frxHC-e^pff cost wiflh ^a^rain 




Tr«rtsvver5;e s^;s^e5 through eiof^Hrtyo'Wsi'jv 75 X l OO-VrfmO >< A^in.) Tn^^ection 

ing^fs -ef alloy ^ ^ 00 "^IJii5*«rHr«g: Jh«^^ ^ csn. i^ructxise Tig. 12: the 

liq^Mci fne^Snsai en^efiM at fh« confer of »^ sesc*>on. Fig, T ^:/Hv& metai-fesd ij&cdtior, caused q fE<5w »5t" K^^ iie'Osi 



Most of tb? yTiiijer aUi^ying ai<^ditiort5 nia<5e 
uy aiuErJnum arc iess aoSuble ki ihe mhd 
phase th art in the iiquid pHast?; that :s, the 
eqpaUbmiiTi disiETibu tioji e3<*c^Gisiit ikj is less 
ihmi 1 (see the aitick '-Solidifeatioft Struc- 
iure& t->f S;->2id Solutions'" in ibis Voiuim); 
Mpsreoyer, far most solutes.. aioinitUi exhib> 
Us a xtjiliJttvelY low ierqiuiai: soh4 fecsiubilUy; 
theidtdre. secojlfd-phas^^ <^ are ttiv 

v^Fiajbiy ^sffesiCfit in mgot stf j^ctvafss: Fgt th<srse 

iiif>fi.^ of a CASi stTuatsre to soUdify v arc low: m 
soluie aaid. ^tr<e surrounded by jnter 

dendritic iietworks ciif da<? dr rriorie as<?pi3(3' 
phase c&n$rituej>r.5. The skc and di^iributiGt! 
of tbe cions^tsl^iei?*s depend osii such faciof s as 

and g^raiis size. Thw; solute dbtf ibution chsTm-; 
teiistic of easil aUoys, referred rcj as " cbnRg,'" 

where C;, is the U-uicentratiOB of a SQluf e; m 

qocSkicni, m4 C, 2§ the comp^jsiUon at 
wei|ht f s^acliori solid / 

Coppex and rraagncsium rrtkro&egregatiOXl 
in a 2124 djieciKrliiil casi ingot, Disserved us- 
vri g elsL lirosn pf ohe microaxial)' S35 . i&. shQwn in 
Fig. 16. TtiD^ piith traYeised by iM eWtron 
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P-sg* B** ^5^^ (S-ih.) rfiesm dSiey srtgof. 



I e F«<3ti-*^} <ii-ytitvii$ in an- ciiJoy 3003 iir*;5o+ 
tinyous pruc&is 0?"©w«h JwiRs in if>& crystcsJs ^^av* beef? 



r?^a B ^ Q d'trGci chill fiiii\yiK<i^^^ {jSTO 
X 1372 rftw, >3r 24 54 J 212^ oiksy ift^jcK (ftj 



